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Anterior Cruciate Ligament Injuries

INn the Older Athlete

Matthew J. Best, MD,T Bashir A. Zikria, MD,T and John H. Wilckens, MD*'

Context: Older adults are remaining active longer and continuing during later stages of life to participate in sports and
activities that involve pivoting on 1 foot. The rate of anterior cruciate ligament (ACL) tears is increasing in people older than
40 years of age, which has caused a concomitant increase in the rate of surgical reconstruction.

Evidence Acquisition: We searched the PubMed database for articles published in English between January 1980
and January 2018 using the terms anterior cruciate ligament injury, ACL injury, ACL tear, anterior cruciate ligament

reconstruction, ACLR, older, older athlete, and elderly.
Study Design: Clinical review.

Level of Evidence: Level 4.

Results: Nonoperative treatment with activity modification and physical therapy may be an appropriate option for
nonathletes older than 40 years of age with physically low-demand lifestyles. For patients with injuries that are unresponsive
to nonoperative treatment or athletes participating in physically demanding activities, ACL reconstruction can improve
function and facilitate return to sports. When evaluating whether a patient is a candidate for surgery, numerous variables
should be considered, such as timing, graft choice, and postoperative rehabilitation.

Conclusion: Outcomes of ACL reconstruction in older athletes are similar to those of younger patients. To date, published
evidence is inadequate to determine the long-term effects of nonoperative and operative treatment as well as the role of
ACL reconstruction in the development of osteoarthritis in the older athlete.
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s the US population continues to age, an increasing

number of older patients are sustaining sports-related

injuries. Patients older than 40 years of age are
remaining active and performing high-level athletic activities.***
With this increased participation in physical fitness and sports,
there has been a concomitant increase in sports-related injuries.
From 1990 to 2006, the rate of anterior cruciate ligament (ACL)
reconstructions in patients older than 40 years of age increased
by more than 200%."” Many patients in this age group opt for
surgical reconstruction to treat ACL injuries so they can return to
their previous athletic activities.

In patients aged 18 to 35 years with ACL tears, reconstruction is

recommended to reduce risks of chondral and meniscal injury and
facilitate return to sports and activities.' However, less is known

about the treatment of ACL injuries in older patients. Salzler et al”

reviewed ACL tear treatment in patients older than 40 years of age
and concluded that reconstruction is appropriate for active
patients who wish to return to sports but conceded that more
research is needed to determine the long-term effects of operative
and nonoperative treatments. Toanen et al” analyzed ACL
reconstruction with hamstring autograft in patients older than 60
years of age and found that reconstruction restored anterior tibial
stability and was associated with good functional recovery, with
most patients returning to their preinjury activity level.

EPIDEMIOLOGY

The rates of ACL injuries have increased in older patients since the
1990s. Sanders et al*' showed that the incidence of ACL injury (per
100,000 person-years) increased in men aged 306 to 45 years from
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77 in 1990-1994 to 100 in 2000-2005. Likewise, in men aged 46
years or older, the incidence increased from 10 in 1990-1994 to 24
in 2000-2005. A more dramatic change occurred in the incidence
among women aged 36 to 45 years, who experienced an increase
from 40 to 72 from 1990 to 2005, whereas the incidence for
women aged 46 years or older increased from 6.1 to 23.*

In addition to increasing rates of ACL injury, there has been a
concomitant increase in ACL reconstruction in older patients.
More than 120,000 ACL reconstructions are performed annually
in the United States,”"” and this number continues to rise. Mall
et al'”” studied trends in ACL reconstruction in the United States
and found that ACL reconstruction performed in patients aged
40 years or older increased from 1.7 per 100,000 person-years in
1994 to 7.6 per 100,000 person-years in 2006. Sanders et al*'
conducted a population-based study from 1990 to 2010 and
reported increasing incidence of ACL reconstruction for all age
groups studied. They also showed an increase in the percentage
of patients undergoing ACL reconstruction within 1 year of
sustaining an ACL injury. In patients aged 30 to 45 years, the
percentage of patients undergoing ACL reconstruction within 1
year of injury increased from 26% in 1990-1994 to 65% in
2000-2005. Similarly, the percentage of patients aged 46 years or
older who underwent ACL reconstruction within 1 year of injury
was 17% in 1990-1994 compared with 40% in 2000-2005.*

EVALUATION
History

Any history of injury or surgery should be ascertained because
patients may present with previous meniscal or chondral injury,
as well as acute or chronic injuries. A thorough history of
activity-induced knee pain, stiffness, swelling, mechanical
symptoms (eg, locking or catching), exacerbating or alleviating
factors, and the use of supportive walking aids should also be
investigated and may provide insight into other conditions, such
as degenerative osteoarthritis. It is also important to screen for
other joint arthralgias to help elucidate any history of systemic
inflammatory conditions. Additionally, it is critical to evaluate any
patellofemoral symptoms, such as pain with patellar
compression or anterior knee pain with ascending stairs,
because these symptoms may influence graft choice and
subsequent rehabilitation. Finally, the severity of “giving way”
symptoms should be assessed and graded. It is important to note
whether the “giving way” symptoms occur with walking, with
light activity or moderate work, or with strenuous sports or
heavy work. The impact of “giving way” episodes on activities of
daily living can help determine whether to reconstruct the ACL.
Older patients presenting with ACL injuries are not necessarily
low-functioning patients. Many patients older than 40 years of
age are continuing to participate in sports and high-functioning
athletic activities™*, therefore, recreational activities and the
patient’s goals for physical activity should be discussed at the
time of initial evaluation because these factors can influence
treatment. Additionally, any symptoms of instability or “giving
way” should be noted and factored into treatment decisions."

Imaging

In patients older than 40 years of age, standing anteroposterior,
lateral, and posteroanterior flexion radiographs should be
obtained during the initial evaluation of ACL injuries. In younger
patients, conventional radiographs may be used to assess
overall alignment and evaluate for any bony abnormalities,
fractures, or loose bodies; however, in the older population,
radiographs are also important to evaluate for signs of
degenerative osteoarthritis.*” In addition to conventional
radiographs, magnetic resonance images are essential not only
for confirming an ACL tear, but also for identifying concomitant
ligamentous, meniscal, or cartilage injuries."

TREATMENT OPTIONS
Nonoperative

Nonoperative treatment should be provided as an option for
older patients with ACL tears, especially those with physically
low-demand lifestyles and those who do not intend to return to
pivoting sports. In addition to physical therapy, patients should
avoid high-risk activities or sports that predispose them to
instability episodes. Salzler et al” reviewed ACL tear treatment
in older patients and proposed an algorithm based on activity
level, presence of degenerative osteoarthritis, and tear
morphology (partial vs complete). They concluded that patients
with partial tears, low-demand activity level, or moderate to
severe osteoarthritis are candidates for nonoperative treatment
with bracing, physical therapy, and activity modification.”

Several studies provide insight into outcomes of nonoperative
treatment. Ciccotti et al® studied 30 patients aged 40 to 60 years
who underwent nonoperative treatment for ACL tears. These
patients were all middle-aged, and approximately 50% of them
sustained an ACL tear while skiing.” Importantly, the authors
noted that all patients were compliant with the rehabilitation
protocol, had comprehensive health insurance, and were
employed and able to financially afford continuing physical
therapy.® They reported satisfactory outcomes in 25 patients at a
mean 7-year follow-up. In a study of 29 alpine skiers who
underwent nonoperative treatment of magnetic resonance
imaging—confirmed ACL tears at a mean age of 42 years,
Hetsroni et al'! reported good functional outcomes and normal
knee laxity at 2 years postinjury in patients who, within
6 to 12 weeks after the initial injury, demonstrated a negative
Lachman test and a negative pivot-shift test. Exercises
that improve or restore the kinetic chain and core strength may
lead to improved function and better overall health in older
patients.

Drawbacks of nonoperative treatment include difficulty or
dissatisfaction with activity modification, which may not be
tolerated by very active patients. In young athletes,
nonoperative treatment is associated with increased risk of
meniscal and cartilage injuries.** Although more studies are
needed to determine whether these effects also occur in older
adults, it is reasonable to assume that older patients with
instability episodes are at high risk of additional injuries.
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Operative

Older patients with injuries that are unresponsive to nonoperative
treatment or those who wish to participate in high-functioning
athletic activities or pivoting sports may be candidates for surgery.
ACL reconstruction is not indicated in the presence of advanced
tricompartmental osteoarthritis because ACL reconstruction has
been associated with progression of disease and increased pain.”
However, in patients with less severe osteoarthritis or
unicompartmental disease, ACL reconstruction may provide knee
stability and good functional outcomes.” Shelbourne and
Benner® analyzed 53 patients with medial compartment
osteoarthritis and found that ACL reconstruction provided good
subjective results and stability at 10-year follow-up. Mild
osteoarthritis is not a contraindication to ACL reconstruction;
however, more research is needed to determine the benefit of
ACL reconstruction in patients with moderate osteoarthritis. If
moderate radiographic or arthroscopic evidence of arthritis is
present, then patients should be advised to modify their activity
level to avoid contact, pivoting, and repetitive high-loading
sports.6 Several groups have studied operative versus
nonoperative treatment of ACL injuries in older patients. Zysk and
Refior” evaluated 133 patients aged 40 to 59 years and found
worse functional scores; worse Lachman, pivot-shift, and KT-1000
test results; and lower activity levels in the 31 patients treated
nonoperatively. They also showed that increasing age was not
associated with worse treatment outcomes, suggesting
improvement with surgery regardless of age.”’ In a value decision
analysis, Seng et al** evaluated 69 patients with a mean age of 53
years and found an expected value of operative treatment of 8.0
value units compared with 1.9 value units for nonoperative
treatment. They concluded that surgery is the optimal treatment
for ACL rupture in patients older than 40 years.”

TREATMENT CONSIDERATIONS
Timing

Timing of ACL reconstruction depends on multiple factors.
Restoration of knee range of motion and quadriceps control are
important goals before ACL reconstruction, regardless of age.
Among older adults, variables such as work-related schedule
limitations and family circumstances may be more important
factors than among young athletes. These factors should be
considered, along with the duration and likelihood of
compliance with postoperative rehabilitation.

No studies have compared early versus delayed reconstruction
in older patients with ACL tears. Although early reconstruction
lowers risk of chondral and meniscal injury in young patients,’
this same association has not been adequately studied in
athletes older than 35 years of age. Research is needed to
determine the optimal timing of reconstruction in older athletes.

Graft Choice

Graft choice should involve a shared decision-making process
with the patient because allograft and autograft have different
risks and benefits. In older patients and nonathletes, allograft has

been the traditional choice for ACL reconstruction; however,
autograft may also be a good option. Kaeding et al'* analyzed
differences in failure between allograft and autograft ACL
reconstruction in 645 patients. They found that allograft had a
failure rate 4 times higher than autograft, but when analyzing
age groups, this failure rate was only 2% higher in patients older
than 40 years of age."” Although differences in failure rate based
on graft selection exist in younger patients, several other studies
have shown no difference in failure rates between autograft and
allograft in patients older than 40 years of age.é'm Importantly,
these findings may be different in older athletes participating in
higher-intensity, pivoting sports, such as basketball or soccer,
and more research in this area may verify these differences.

Similarly, no significant differences for stability assessment and
functional outcome scores have been reported between
autograft types in older patients. Brown et al® analyzed 627
patients older than 40 years (mean age, 49 years), of whom 71%
underwent autograft ACL reconstruction (41% bone-patellar
tendon-bone, 29% hamstring, 1% quadriceps). They found an
overall graft failure rate of 1.9% at mean follow-up of 40 months
and no differences between graft types and functional outcome
scores or stability assessment.’

Graft Fixation

In the older athlete, bone quality may be a factor in determining
optimal graft fixation technique. In a biomechanical study,
Brand et al’ analyzed hamstring autograft fixation in cadaveric
knees (mean age, 66 years) and found that soft tissue fixation
strength using an interference screw was correlated with bone
mineral density. They also showed that insertion torque was a
useful predictor of graft fixation strength.” If bone mineral
density was less than 0.6 g/cm’, then fixation of a soft tissue
graft with an interference screw would not provide enough
strength to withstand activities of daily living.’

Conversely, extracortical fixation may reduce the risk of soft
tissue graft fixation failure in osteopenic bone™™ compared with
interference screw fixation. In a cadaveric study, Domnick et al"
tested ACL soft tissue graft fixation and compared interference
screw, extracortical button, and hybrid interference screw with
extracortical button techniques in osteopenic bone. Hybrid
fixation of ACL soft tissue grafts provided less vertical graft
movement and higher load-to-failure than either technique
(interference screw or extracortical button) alone." The
aforementioned studies were performed in cadavers and should
be interpreted accordingly. Further research is needed to
determine whether these findings hold true in vivo.

Postoperative Rehabilitation

Accelerated rehabilitation programs may be more desirable in
older athletes to facilitate return to work and family life;
however, rehabilitation after ACL reconstruction may be
prolonged, and the healing response may be less robust in
older patients because of reduced ability to regain muscle
strength and increased time needed to regain coordination.”’ In
addition, the less robust healing response in older patients may
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delay return to sport.”” When considering an accelerated
rehabilitation program, graft selection and fixation must be
carefully considered, because interference fixation of allograft
and soft tissue grafts may require prolonged healing time.
Rehabilitation protocols should focus on range of motion and
regaining full extension because the risk of osteoarthritis is
higher in patients who do not regain normal range of motion
postoperatively.”* Initial exercises should consist of closed-chain
movements and should focus on balance, core strength, and
sport-specific biomechanics."***’

Complications

In patients older than 40 years of age, complication rates after
ACL reconstruction are similar to those of younger patients.6 In
a systematic review, Brown et al® analyzed complication rates in
17 studies and found similar rates between patients older than
40 years of age and younger patients. However, rates of hospital
readmission may be higher in the older population, which may
be attributable to a greater number of medical comorbidities.
The most common surgical complications in the study included
symptomatic hardware (5.1%), loss of knee range of motion
(3.5%), and graft failure (1.9%).° The most common medical
complications included deep vein thrombosis (0.3%) and

pulmonary embolism (0.2%).° Lyman et al”® analyzed more than
70,000 patients who underwent ACL reconstruction between
1997 and 2006 and found a higher risk of 90-day readmission in
patients older than 40 years of age compared with younger
patients. Although overall complication rates may be similar in
the older population, medical comorbidities should be
thoroughly evaluated and preoperative risk stratification should
be performed before ACL reconstruction.

CONCLUSION

Patients aged older than 40 years are remaining active and
participating in high-level sports at later stages in life,”* which
has led to an increase in ACL injuries in this age group.'” ACL
reconstruction can improve function and enable return to sport
in the older athlete, whereas activity modification and
nonoperative treatment may be the preferred treatment in
lower-functioning patients or nonathletes. Numerous treatment
variables should be considered and discussed with the patient
before surgery, such as timing, graft choice, and postoperative
rehabilitation. Appropriately selected older patients may benefit
from ACL reconstruction and have similar complications and
outcomes as younger athletes.
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SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence
B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

SORT Evidence

Clinical Recommendation Rating

Older patients with anterior cruciate ligament (ACL) injuries who wish to return to pivoting sports or activities should be offered ACL B
reconstruction.

When performing ACL reconstruction in older patients, allograft or autograft may be used; no significant differences exist between outcomes B
for various autografts in this age group.

In older patients with ACL injuries, mild to moderate osteoarthritis, or unicompartmental osteoarthritis, is not a contraindication to ACL B
reconstruction.
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